• Recipients of G-CSF-mobilized grafts from unrelated donors have faster immune reconstitution than BM transplant recipients.
Introduction
Reconstitution of functional immunity is a crucial indicator of success in allogeneic hematopoietic stem cell transplantation, because donor immune cells present in the graft mediate the anticancer graft-versus-leukemia activity of the allotransplant maneuver, confer protection against conventional and opportunistic infections, and limit graft-versus-host disease (GVHD). 1, 2 Following initial hematopoietic engraftment, de novo development and differentiation of functional donor-derived adaptive immunity takes a year or more to fully develop, 3, 4 and dysfunctional immune reconstitution includes failure of the graft-versus-leukemia effect or excess alloactivation of donor T cells and subsequent GVHD.
Previous studies have noted differences in the kinetics of immune reconstitution between bone marrow (BM) and granulocyte colonystimulating factor (G-CSF)-mobilized blood stem cell (G-PB) recipients, as well as an indication that the kinetics of T-cell and dendritic cell (DC) reconstitution may predict survival and GVHD after allogeneic transplantation. In randomized and nonrandomized series of BM vs G-PB transplants from related donors, G-PB recipients had faster T-cell recovery posttransplant, faster recovery of functional immunity, and fewer infections. 5, 6 Lower day-30 lymphocyte counts predicted worse survival and more GVHD in 381 G-PB allotransplant recipients receiving tacrolimus and mycophenolate mofetil immunoprophylaxis. 7 Reddy et al studied 50 recipients of predominantly G-PB grafts and found that higher blood levels of total dendritic cell (DC) numbers (plasmacytoid DCs [pDCs] plus classical DCs [cDCs]) immediately after neutrophil engraftment predicted 2-year survival and freedom from GVHD. 8 Gonçalves et al studied 111 allogeneic transplant recipients, half of whom received BM grafts, and found that greater pDC or cDC amounts at 3 weeks and 2 months posttransplant was associated with significantly improved overall survival (OS) and less acute GVHD (aGVHD) posttransplant. 9 Elze et al found that early posttransplant pDC and cDC reconstitution in the blood of 45 children, half of whom received BM grafts, predicted less GVHD but more relapse. 10 Taken together, these reports indicate that the kinetics of immune reconstitution are predictive for outcomes, but the relationships among immune reconstitution, graft source, and specific immune cell subsets are not clear.
To gain a better understanding of how posttransplant immune reconstitution is interrelated with transplant outcomes, particularly GVHD, we analyzed serial blood samples from a large series of 529 patients with myelodysplastic syndrome or leukemia enrolled in a multicenter national trial that randomly assigned them to allogeneic BM or G-PB grafts from unrelated donors. 11 We hypothesized that the amount of donor-derived immune cells measured in the blood at serial time points posttransplant would identify patients at higher subsequent risk for developing GVHD and relapse and that graft source and immune reconstitution, particularly DC subsets, may interact. 12 We report herein that the amount of donor CD4 1 T cells in the graft was correlated with 1-month blood levels of CD4 1 T cells that, in turn, predicted better survival in G-PB recipients, as well as that higher numbers of cDCs at 3 months were associated with better long-term survival in BM recipients, particularly among patients with a history of grade 2-4 aGVHD.
Methods

Study population
Blood and Marrow Transplant Clinical Trials Network BMT CTN 0201 was a national randomized clinical trial that transplanted 529 patients with acute or chronic leukemia or myelodysplastic syndrome using BM vs G-PB from unrelated donors. 11 In brief, donors and recipients were matched at 7/8 or 8/8 HLA loci based upon HLA typing at intermediate resolution for HLA-A, -B, and -C, and at high resolution for HLA-DRB1, consistent with National Marrrow Donor Program standard procedures operative at the time of study enrollment. Patients were conditioned with 1 of a number of allowable myeloablative regimens, mostly busulfan cyclophosphamide and cyclophosphamide-total body irradiation, with a smaller fraction of patients receiving less-intensive regimens, including fludarabine plus busulfan and fludarabine plus melphalan. 11 GVHD prophylaxis was predominantly a calcineurin inhibitor and methotrexate, with 10% of patients receiving anti-thymocyte globulin during conditioning (supplemental Table 1 ). Data on immune reconstitution were missing for 15% of transplant patients. There were only a few significant differences in the demographics of patients who had 1-month CD4 1 T-cell counts vs those with missing data: more marrow grafts (55% vs 45%), more total body irradiation-based conditioning (51% vs 43%), and more tacrolimus-based immunoprophylaxis (72% vs 68%) (data not shown). Central data committees reviewed and adjudicated key clinical outcomes, including death, relapse, GVHD, and infections. In particular, GVHD deaths were defined as any death following a diagnosis of aGVHD or chronic GVHD (cGVHD) in a patient who had not relapsed and was still receiving immune-suppressive drug therapy. Because all patients in this trial received what was deemed to be a myeloablative conditioning regimen at the time (including fludarabine/busulfan and fludarabine/melphalan), centralized testing of donor chimerism was not mandatory. The study was approved by the Institutional Review Board at multiple participating BMT CTN sites.
Measurements of posttransplant immune reconstitution
Standard procedures regarding the collection of clinical data and entry into a database were followed based on National Marrrow Donor Program and National Heart, Lung, and Blood Institute guidelines. Analysis of immune reconstitution included 211 BM and 219 G-PB recipients who had $1 measurement of immune cells posttransplant. Blood samples were drawn at 1, 3, 6, 12, and 24 months posttransplant in heparinized tubes and shipped at 2°C to 8°C to a central reference laboratory and analyzed immediately by flow cytometry. Consistency and reproducibility of measurements of immune cell subsets from clinical samples shipped at 4°C over a 48-hour period have been established previously. 13 Numbers of total T cells, B cells, natural killer (NK) cells, and DCs, as well as subsets of each population, were calculated as cells per microliter based upon their frequency in a lymphoid-mononuclear cell-gated population, and the absolute numbers of mononuclear cells were determined on an automated complete blood count, as previously described. 12 Plasma cytokine levels of interleukin-2 (IL-2) and IL-7 were determined by enzyme-linked immunosorbent assay. A mononuclear cell fraction was prepared by Ficoll-Hypaque centrifugation, and CD4 1 and CD8 1 T-cell subsets were isolated by fluorescenceactivated call sorting prior to determination of T-cell receptor excision circles (TRECs) by polymerase chain reaction amplification. 14 Functional immunity was assessed by staining for expression of IL-2, interferon-g (IFN-g), or tumor necrosis factor-a (TNF-a) following 6 hours of activation with phorbol myristate acetate (PMA)/ionomycin or a pool of cytomegalovirus (CMV) peptides, as reported. 15 
Statistical analysis
Quantitative measures were summarized using median (range) and compared between groups using Wilcoxon rank-sum tests, whereas categorical variables were summarized using frequencies and compared between groups using x 2 tests. Immune reconstitution measures were compared between treatment arms or by GVHD development within 100 days using Wilcoxon At 12 mo 12 (7-17) 21 (15) (16) (17) (18) (19) (20) (21) (22) (23) (24) (25) (26) (27) (28) .03
At 24 mo 17 (11) (12) (13) (14) (15) (16) (17) (18) (19) (20) (21) (22) (23) 27 (20) (21) (22) (23) (24) (25) (26) (27) (28) (29) (30) (31) (32) (33) (34) .04
Transplant patients were stratified into 2 groups based upon blood levels of CD4 1 T cells above or below the median at 1 month posttransplant, and the frequency (%) of clinical events of interest (survival, grade 2-4 aGVHD, cGVHD, relapse, and TRM) were calculated at 3, 6, 12, and 24 months with 95% confidence intervals in parentheses. Numbers of evaluable samples analyzed for each immune cell subset are shown. Comparisons with P # .01 were considered significant. rank-sum tests at each time point. Landmark analyses of survival and disease-free survival based on high (greater than or equal to the median) vs low (less than the median) immune reconstitution measures at the landmark time were conducted using Kaplan-Meier estimates and compared using the log-rank test. Landmark analyses of cGVHD, treatment-related mortality (TRM), or relapse were summarized using cumulative incidence. Multivariate modeling of OS, starting at a landmark time of 100 days, was done using Cox regression, adjusted for the same covariates as identified in the primary trial. 11 Forest plots were constructed by adding select immune reconstitution measurements at the landmark time (above median vs below median) to the multivariate model and estimating the hazard ratio and associated confidence interval for mortality. Spearman correlations between donor graft cell doses and the corresponding immune reconstitution measurement were estimated at each time point. P # .01 was considered significant in all analyses as an ad hoc adjustment for multiple comparisons.
Results
Recipients of G-PB grafts have faster T-cell reconstitution than recipients of BM grafts
First, we compared the kinetics of immune cell reconstitution between BM and G-PB recipients. Of note, recipients of G-PB received a median of 246 3 10E6 donor T cells per kilogram vs 23 3 10E6 donor T cells per kilogram among recipients of BM grafts. 12 Total T cells, CD4 1 T cells, CD8 1 T cells, and regulatory T cell (Treg) subsets recovered more quickly among recipients of G-PB grants than BM grafts, consistent with previous reports 16 (Figure 1A -D). Transplant patients were stratified into 2 groups based upon blood levels of CD4 1 T cells above or below the median at 1 month posttransplant, and the frequency (%) of clinical events of interest (survival, grade 2-4 aGVHD, cGVHD, relapse, and TRM) were calculated at 3, 6, 12, and 24 months with 95% confidence intervals in parentheses. Numbers of evaluable samples analyzed for each immune cell subset are shown. Comparisons with P # .01 were considered significant.
The ratio of CD4 1 /CD8 1 T cells was similar between the 2 groups of patients; the median value in most cases was between 0.5 and 2 (supplemental Figure 1) . In contrast, kinetics of gd T cells, B cells, cDCs, pDCs, and NK cells was similar comparing recipients of BM vs G-PB grafts ( Figure 1E -J). Examining naive, central memory, effector memory, and terminal effector T-cell subsets defined by expression patterns of CD45RA and CD62L, 12 we found that reconstitution of CD4 1 and CD8 1 naive and central memory T-cell subsets was faster for G-PB than BM graft recipients (Figure 2A-B ). Analysis of the amount of TRECs within sorted CD4 1 and CD8 1 T cells showed that TREC 1 CD4 1 T cells were more frequent than TREC 1 CD8 1 T cells and that recipients of G-PB grafts had significantly more TREC 1 CD4 1 T cells at 3 months posttransplant than BM recipients, consistent with enhanced thymopoiesis ( Figure 2C -D). The percentages of naive CD4 1 T cells that were TREC 1 were similar between 3 and 24 months posttransplant (;6%) in recipients of BM and G-PB grafts ( Figure 2E ). The percentage of TREC 1 naive CD8 1 T cells was more variable, with most mean values ;2% ( Figure 2E ). We tested whether the kinetics of immune reconstitution reflects the numbers of corresponding immune cells in the graft. Only numbers of pDCs and CD4 1 T cells in the graft were correlated with blood levels of the corresponding cells posttransplant; the numbers of CD4 1 T cells in the graft correlated with blood levels of CD4 1 T cells 1 and 3 months posttransplant (supplemental Table 2 ). In contrast, the amount of donor pDCs in the graft was significantly associated with pDC levels at 1 month posttransplant but not at subsequent time points (supplemental Table 2 ). These data are consistent with the biology of T cells, which are long lived, whereas marrow-derived pDCs have a posttransplant survival that is measured in weeks. 17 
Measurements of T-cell subsets in blood at 1 and 3 months posttransplant predicted survival in G-PB recipients
Next, we addressed the hypothesis that measurements of specific immune cells at defined times posttransplant predict clinical outcomes, including GVHD, relapse, and death. Given the central role of T cells in GVHD and graft-versus-leukemia, we first compared posttransplant survival for subgroups of patients defined by the median number of T cells in blood at 1, 3, and 6 months posttransplant. Overall survival at 1 and 2 years (P 5 .009 and 0.01, respectively) was greater among patients with more than the median numbers of CD4 1 T cells at 1 month posttransplant ( Table 1 ). Separate analyses of BM and G-PB graft recipients showed significantly better survival among G-PB patients with higher 1-month CD4 1 T cell counts but not among BM recipients (Table 1) . Higher numbers of naive and central memory CD4 1 T cell subsets at 1 month were also significantly associated with better survival among G-PB recipients but not BM recipients (supplemental Table 3 ). There was no difference in relapse-related death at 4 years of follow-up when comparing BM recipients with greater than the median vs less than the median number of CD4 1 T cells (29% vs 30%) or in G-PB recipients (28% vs 31%). The major contributor to increased death among patients with fewer CD4 1 T cells was TRM, with a trend toward higher 3-month TRM in patients with fewer vs more CD4 1 T cells at New malignancy 1 (1) 0
The cumulative incidence of posttransplant complications, including death, relapse, TRM, aGVHD, and cGVHD, were determined among patients with greater than or fewer than the median number of cDCs or pDCs in the blood at 3 months posttransplant. Causes of death were assigned by a central data adjudication committee. Unless otherwise indicated, data are % (95% confidence interval). GI, gastrointestinal; IPN, interstitial pneumonia; TTP, thrombotic thrombocytopenic purpura. Deaths from GVHD and infection contributed to the differences in TRM, with aGVHD-related death occurring in 10% of patients with less than the median number of CD4 1 T cells and 5% of patients with more than the median number and death from infection and idiopathic pneumonia (without GVHD) occurring in 4% vs ,1% of patients stratified by low vs high CD4 1 T-cell counts, respectively. cGVHD-related death occurred in 8% vs 12% of patients stratified by low vs high CD4 1 T cells, respectively (P 5 not significant). Of note, deaths from infection among patients receiving active therapy for GVHD were scored by the data adjudication committee for this study as GVHD-related deaths. There was no significant difference in the distribution of causes of death when comparing BM vs G-PB recipients stratified by 1-month CD4 1 T-cells counts, although death from aGVHD or cGVHD was higher among G-PB recipients than BM recipients (22% vs 13%), as has been reported previously. Survival based upon numbers of total T cells, CD8 1 T cells, NK cells, B cells, and DCs at 1 month posttransplant did not meet the prespecified threshold of significance (supplemental Table 4 ).
Next, we examined the association of T-cell counts at 3 months with survival. In a univariate analysis, 2-year survival was not different when all subjects (pooling BM and G-PB recipients) were divided according to their median numbers of total T cells or CD4 1 , CD8 1 , gd TCR 1 , or Treg T-cell subsets at 3 months (supplemental Table 5 ; supplemental Figure 2 ). Separate multivariable analyses in BM and G-PB recipients showed that higher numbers of gd TCR 1 T cells were associated with a decreased risk for death among G-PB graft recipients ( Figure 3A) , particularly those patients with a history of grade 2-4 aGVHD. Patients with more than the median number of gd TCR 1 T cells (10 cells per microliter) had a median 75% (range, 65-84) 2-year survival vs 51% (range, 40-62) 2-year survival (P 5 .002) for those with less than the median number. Notably, higher levels of gd TCR 1 T cells were not associated with a decreased risk for relapse. 18 Although not significant at the threshold of P # .01, death from relapse was more frequent in patients with greater than the median number vs less than the median number of gd TCR 1 T cells at 3 months (45 deaths vs 33 deaths, respectively), whereas death from aGVHD or cGVHD was more common in patients with fewer vs more gd TCR 1 T cells: 25 deaths vs 19 deaths, respectively. Analysis of subgroups of BM vs G-PB recipients showed a similar trend (data not shown). In contrast, BM recipients with greater than the median number of CD4 1 effector memory and CD8 1 central memory T-cell numbers at 3 months had worse survival ( Figure 3B ).
Higher numbers of blood DCs at 3 months posttransplant predicted better long-term survival in BM recipients
In a multivariable analysis of survival performed separately on BM and G-PB recipients, there was a trend toward an association between the amounts of pDC and cDC (also called myeloid DCs) in blood at 3 months and 2-year survival ( Figure 3A-B) . To address the relevance of immune monitoring to the posttransplant clinical management of patients in whom the graft source has already been selected, we pooled data on recipients of BM and G-PB grafts for univariate analyses. Median 2-year survival among patients with more than the median number (of 3 cDCs per microliter) at 3 months was 68% (range, 60-76) vs 49% (range, 40-57) among patients with ,3 cells per microliter (P 5 .001) (Table 2; Figure 3C ). In contrast, there was no significant association between blood pDC numbers at 3 months posttransplant and 2-year survival in the pooled population of patients ( Figure 3D ). Analyzing the association between pDC and cDC counts and survival by graft type, the predictive significance of higher DC subsets tended to be greater in BM recipients than in G-PB recipients, with a relative excess of death from GVHD among patients who had fewer cDCs or fewer pDCs ( Table 2 ). The numbers of cDCs and pDCs (above or below the median at 6 months posttransplant) showed a nonsignificant trend with subsequent survival, with a median of 78% (range, 70-86) vs 66% (range, 57-74) 2-year survival for pDCs (P 5 .04) and 78% (range, 70-85) vs 67% (range, 58-75) 2-year survival for cDCs (P 5 .07), respectively.
Lower blood DC counts reflect prior aGVHD and increased risk for GVHD-related death
Because GVHD can cause "immune paralysis," 19 we examined whether lower blood levels of CD4 1 T cells at 1 month and DCs at 3 months are surrogate markers for a history of aGVHD and whether their association with survival is a consequence of GVHD. Notably, the incidence of grade 1-4 aGVHD that had occurred by the time of blood sampling at 1 month was not significantly different The cumulative incidence of posttransplant complications, including death, relapse, TRM, aGVHD, and cGVHD, were determined among patients with greater than or fewer than the median number of cDCs or pDCs in the blood at 3 months posttransplant. Causes of death were assigned by a central data adjudication committee. Unless otherwise indicated, data are % (95% confidence interval).
GI, gastrointestinal; IPN, interstitial pneumonia; TTP, thrombotic thrombocytopenic purpura.
when comparing patients with higher 1-month CD4 1 T-cell counts (44%) vs those with number below the median (39%). In contrast, a history of grade 2-4 aGVHD was associated with lower numbers of gd TCR 1 T cells, B cells, cDCs, and pDCs in 3-month blood samples, especially among BM recipients (Table 3) . Although patients with greater than median blood levels of cDCs had lower cumulative incidences of grade 2-4 aGVHD, the rates of grade 3-4 aGVHD, cGVHD, TRM, or relapse did not vary in association with cDC numbers (Table 2) . Notably, the numbers of cDCs in the blood at 3 months was associated with a trend toward better 2-year survival among patients with a history of grade 2-4 aGVHD, with 63% (range, 51-74) survival among patients with more than the median number of cDCs vs 43% (range, 32-55) survival for patients with fewer cDCs (P 5 .02), with a similar trend toward higher rates of death from GVHD among patients with fewer cDCs or pDCs (P 5 .025 and .036, respectively).
Functional immunity was similar comparing recipients of BM vs G-PB grafts
Because GVHD triggers a series of inflammatory cytokines that suppress lymphoid development, as well as pDC maturation, 19 we measured the kinetics of immune reconstitution following a diagnosis of grade 2-4 aGVHD. Median numbers of B cells, cDCs, and pDCs were significantly higher at 3 months posttransplant among patients with no history of grade 2-4 aGVHD than among patients without a history of GVHD ( Figure 4A , upper panels). The kinetics of B-cell recovery among BM recipients was slower among those who had developed grade 2-4 aGVHD, whereas recipients of G-PB had equivalent kinetics of B-cell recovery, irrespective of their GVHD history ( Figure 4A , lower panels). Of note, B-cell recovery was not predictive of OS (supplemental Table 4 ). With respect to whether more robust thymopoiesis protects from GVHD, the amount of CD4 1 and CD8 1 TRECs at 3 months was not associated with the subsequent incidence of cGVHD (data not shown). Finally, we measured functional immunity in T cells by incubating mononuclear cells with a CMV lysate overnight and then measuring the frequency of CD4 1 and CD8 1 T cells that expressed IL-2, IFN-g, or TNF-a. Comparing blood samples from recipients of BM vs G-PB, there was no significant differences in the median percentage of CD4 1 or CD8 1 T cells that synthesized IL-2, IFN-g, or TNF-a in response to nonspecific activation with PMA/ionomycin or antigen-specific activation following short-term incubation with CMV peptides (Figure 4B ).
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Discussion
The current randomized study represents the largest prospective multicenter study of immune reconstitution in allogeneic transplant recipients described in the literature. Although G-PB grafts have, on average, ;10-fold more T cells than allogeneic BM grafts, 12 the incidence of aGVHD and relapse is comparable between recipients of these 2 graft sources in randomized clinical trials, 11 as well as registry studies. 20 Our primary focus was to compare reconstitution kinetics of lymphocytes and DCs between BM and G-PB recipients and to determine whether posttransplant measurements of engrafted immune cells predict clinical outcomes. Results confirm that G-PB recipients have faster immune reconstitution than BM recipients and show that the CD4 1 T-cell numbers in the graft were correlated with the initial kinetics of CD4 1 T-cell reconstitution. Higher numbers of donor-derived CD4 1 T cells and naive CD4 1 T cells at 1 month and higher numbers of cDCs at 3 months posttransplant predicted long-term survival and informed subsequent risks for death, particularly among patients with a history of grade 2-4 aGVHD. Surprisingly, the predictive significance of specific immune cells posttransplant varied by the specific graft type received. Faster reconstitution of CD4 1 T cells at 1 month posttransplant was associated with improved survival in G-PB recipients, with decreased TRM and increased cGVHD, consistent with reports that physical depletion of donor T cells from the graft 21 or partial in vivo depletion of donor T cells by anti-thymocyte globulin leads to a decreased incidence of aGVHD and cGVHD posttransplant 22, 23 but often to increased death from opportunistic infections. [23] [24] [25] In contrast, higher 3-month levels of DCs were associated with better survival in BM recipients. Of note, there was no association between the numbers of CD34 1 T cells in the graft and the 1-month or 3-month CD4 1 T cell count in BM or G-PB recipients (data not shown).
An interesting aspect of this study is the relationship between GVHD and immune reconstitution. The 3-month blood samples reflect the effects of prior aGVHD, because they were drawn on day 90 6 14 days, with aGVHD occurring at a median onset of 35 days, and 90% of aGVHD occurring by day 90 posttransplant. Blood levels of pDCs and B cells were lower in BM transplant recipients who developed aGVHD, consistent with previous studies, using murine BM transplantation models, reporting that GVHD limits pDC differentiation 20 and cGVHD impairs B-cell maturation 2 and suppresses B-cell quantity and diversity, 26 leading to increased autoreactive B cells 27 and decreased numbers of naive and transitional B cells. 28 Lower pDC and B-cell counts may reflect the effects of inflammation associated with GVHD (IFN-g and TNF-a) that compromise stem cell differentiation into pDCs and B cells, 12 as well as the effects of steroid therapy to treat GVHD. The basis for differences in pDC and B-cell recovery after GVHD between BM and G-PB recipients in this setting is unknown. Current findings support previous reports that immune cell monitoring posttransplant may predict response to GVHD treatment, including extracorporeal photopheresis, 29 although a recent prospective study showed no association between Tregs and response to extracorporeal photopheresis. 30 A limitation of this study is the range of measured values for immune cells in blood, shown as outliers in Figure 1 . We used median values as the cut point, as well as nonparametric analyses for comparisons of clinical end points, to limit the effect of outliers. Further analyses are needed to optimally define a cut point or functional relationship between a cell subset and clinical outcome. A second issue is that immune reconstitution data were missing for 15% of patients. The demographics of patients for whom blood samples were evaluable for immune reconstitution were not substantially different from those without evaluable samples (see "Methods"). A comparison of patients with and without evaluable CD4 1 T-cell counts at 1 month did not translate into differences in the incidence of GVHD or, most importantly, survival, with a median 2-year survival of 55% (range, 49-60) in patients with 1-month samples vs 50% (range, 44-57) in patients without evaluable 1-month samples (P 5 .33). Although these data show that early lymphoid reconstitution is correlated with the numbers of the corresponding cells in the graft, other clinical events, such as CMV infection, that were not analyzed as part of the current study have been shown to influence T-cell reconstitution kinetics. 31 Finally, because of the large number of immune reconstitution analyses performed, results should still be considered exploratory and subject to confirmation in future studies.
In conclusion, blood levels of immune cells at 1 and 3 months posttransplant may be predictive for survival and response to GVHD treatment. Higher CD4 1 T-cell counts were associated with better survival among G-PB recipients, and higher DC counts were associated with better survival among BM recipients. These data suggest that qualitative differences in immune cell function that are linked to the graft source may persist well beyond the initial period of engraftment. Current results provide indirect support for the role of donor-derived DCs in limiting donor T-cell alloreactivity and GVHD and functional differences between BM and G-CSF-mobilized donor pDCs. 17, 19, 32 Consistent with this view, we have recently shown that G-CSF-mobilized donor pDCs have a lower cell-intrinsic ability to regulate T-cell activation than BM pDCs 16 David L. Jaye, E.K.W., manuscript submitted February 2019). Furthermore, a large retrospective study of Center for International Blood and Marrow Transplant Research data has shown that BM allografts from unrelated donors are associated with significantly better GVHD-free relapse-free survival compared with PB grafts. 33 However, because current clinical practice remains frustratingly agnostic with respect to the best graft source from an unrelated donor, analysis of how immune reconstitution predicts survival pooled across graft sources may be more clinically relevant (Table 2) . Future clinical trials should focus on novel strategies to enhance the quality of donor stem cells and DCs that may help to restore immune homeostasis posttransplant.
